Two kinds of weather data for 20 Asian locations were developed in this paper. One is the Typical Meteorological Year (TMY) with the 8760-hour data including temperature, humidity, solar radiation, wind speed, wind direction and cloud cover. Another kind of weather data is for air-conditioning equipment design. The source data are the database from weather observation with three-hour intervals. The TMY data files were developed referring to the methods of TMYs of the US and Japan. A model to predict solar radiation developed by the authors was modified with the regional factors. The weather data for air-conditioning design were based on the frequency level of a specific temperature over a time period. The frequencies of 2.5% and 5.0% were selected to decide the design temperatures for the 20 Asian cities.
Introduction
Weather is one of the primary determinants in forming the indoor thermal environments. Therefore building simulations are impossible without proper weather data. Basically, there are two kinds of weather data for building energy calculation. One is for hourly building simulations and another one is for the air-conditioning equipment design. In this study, we pay most attention to the former because the hourly data are used frequently in the thermal behavior simulations. Most dynamic simulation or energy calculation programs, such as HASP (Matsuo et al. 1980) or DOE-2 (Winkelmann et al. 1993 ), require one-hour weather data including solar radiation, dry-bulb temperature, dew-point temperature or humidity, wind direction, and wind speed. Since weather conditions can vary significantly from year to year, researchers in many countries have devised Typical Meteorological Year (TMY) data to represent long-term typical weather conditions over a year (Matsuo et al. 1974 , NCDC 1981 , Clarke 1985 , Akasaka et al. 1991 and 1995 . Although their development may differ in detail, such weather data share the same principle whereby twelve months judged to have weather conditions most representative of that month are combined into a single synthetic "typical year" weather file.
So far, there have been very few reports on the weather data like the Typical Meteorological Year for Asian locations except for the locations in Japan. The authors have developed the Typical Meteorological Year data for more than forty Chinese locations since 2001 (Zhang and Asano, 2001 ). With these weather data, the regional characteristics of the air-conditioning loads were analyzed in the previous study ). However, the typical weather data for most Asian locations except Japan and China remain unavailable.
Akasaka et al. have developed a database of average weather conditions for thermal calculation of buildings at any locations in the world (Akasaka et al. 1991 and . However, because this database does not contain the 8760-hour data for the building simulations, the database mentioned above cannot replace the typical year weather data for the purpose of building thermal simulations.
In this paper, the Typical Meteorological Year data and the weather data for air-conditioning equipment design for 20 Asian cities were developed using the database from the U.S. National Climate Center with three-hour intervals. Because there were no data of solar radiation in the database, solar radiation was predicted with a model developed by the authors in the previous study. The typical meteorological months were selected by how close the variables of a month are to the average. The weather data for the design of air-conditioning equipment are also developed on the basis of frequency level of a specific temperature over the observation period. 
Source Data for the Weather Files
The TMY weather files for 20 Asian cities shown in Table 1 were developed from a database of International Surface Weather Observations (ISWO). The weather variables recorded in the ISWO database include dry-bulb and dew-point temperatures, atmospheric pressure, wind speed and direction, and the amounts of cloud cover at various heights. With the exception of a few cities, the ISWO data for Asian locations were all reported at three-hour intervals.
Because the ISWO data do not contain solar radiation data, we developed methods adapted from previous work by Japanese researchers (Ma et al. 1993 , Cui et al. 1996 to estimate total solar radiation from reported dry-bulb temperature, temperature change from previous hours, relative humidity, cloud cover and wind speed. To verify the accuracy of these models and adapt them to Asian climate conditions, the authors compared the daily accumulated solar radiation by observation (NASA) with the solar radiation predicted by the solar models developed for the Chinese TMY data in the previous study.
The weather data for most Asian locations in the source data are at three-hour intervals. For use in thermal simulations or annual energy calculations, the data were interpolated to one-hour intervals.
Model for Predicting Solar Radiation
As mentioned above, there is no observed data on solar radiation in the source data. Therefore, it was necessary in this study to predict the amount of solar radiation based on other available climate parameters.
Of the recorded climate parameters, cloud cover is the most influential for estimating the amount of solar radiation. Moreover, low-level cloud cover can affect the solar radiation a great deal. Nevertheless, we did not include low-level cloud cover in our solar model because this climate parameter was often not reported in the weather data. On the other hand, since the rate of increase in dry-bulb temperature is correlated to the amount of solar radiation, it can be used as a secondary parameter for estimating solar radiation. Conversely, a recent study has also shown that relative humidity has a negative correlation to solar radiation (Cui et al. 1996) . Ma et al. (1993) developed a model to estimate solar radiation based on cloud cover, dry-bulb temperature difference between sequential observations, relative humidity and wind speed that was then applied to climate data recorded at 6-hour intervals. There were two problems with this approach: 1) the impact of the long six-hour interval on the accuracy of the solar model could not be determined, and 2) the model overestimated at low values and underestimated at high levels of solar radiation. In a previous study (Zhang and Asano, 2001 ), we developed a solar model similar in form to the Ma model, with total cloud cover, dry-bulb temperature, relative humidity, and wind speed as the independent variables (see Equation 1) , and calculated the constants with multi-parameter analyses against measured hourly total horizontal solar radiation for Beijing and Guangzhou in 1993 obtained from another colleague (Sakamoto and Nagata1999). The prediction of solar radiation by Equation (1) agrees with the observed values with a RSME (root square mean error) of 91 W/m 2 . In order to clarify whether Equation (1) can be used to predict solar radiation in other Asian locations, we calculated the daily accumulative solar radiation of the typical months with Equation (1) and then computed the monthly average value of daily radiation. Figure 1 shows examples of the comparison between the predicted solar radiation by Equation (1) and the monthly average solar radiation from observation (NASA, 2002) . The predicted daily solar radiation for the typical months differs from the average solar radiation over the observed period in Ankara and Kuala Lumpur. The solar radiation of the typical month should be in the same order as the average solar radiation over a period but not necessarily exact the same for each month because usually the solar radiation of the typical months is close to but not equal to the average over a long period of observation. Nevertheless, the ratio of predicted radiation by observation varies a little throughout a year, which means that such a ratio reflects the regional characteristics of solar radiation. We calculated the yearly average of this ratio and define it as the regional factor by comparing the results from Equation (1) for the 20 Asian locations and h is the regional factor.
The comparison between the solar radiation predicted by Equation (2) and the monthly averages over the observed period is shown in Figure 2 . Both agree with each other very well in Ankara and Kuala Lumpur as well as other locations shown in Table 1 .
It is reasonable to conclude that Equation (2) can be used to predict solar radiation for the Asian locations with the regional factors shown in Table 2 .
For Building simulations, it is necessary to separate the global solar radiation into direct and diffuse components. In this study, we used the model developed by Watanabe et al. (1983) for Japanese locations.
Selection of Typical Meteorological Months
The TMY weather file contains measured data for 12 historical months, between which some of the variables have been smoothed to avoid abrupt changes. Different methods have been developed to select the Typical Meteorological Months (TMMs) by Matsuo et al. (1974) and NREL (NCDC 1981) .
In this paper, we combined the methods of Matsuo and NCDC and four steps were conducted in selecting the TMMs. The procedure is as follows:
1. Select the months whose monthly average dry-bulb temperature, dew-point temperature, solar radiation and wind speed are within the range of 0.6 times the standard deviation. If there is only one candidate left after Step 1, the only candidate is selected as the TMM. If there is no candidate left, go to Step 2. If there is more than one candidate after step 1, go to Step 4.
2. Select the months whose monthly average dry-bulb temperature, dew-point temperature, solar radiation and wind speed are within the range of 0.8 times the standard deviation. If there is only one candidate left after Step 2, the only candidate is selected as the TMM. If there is no candidate left, go to Step 3. If there is more than one candidate after Step 2, go to Step 4.
3. Select the months whose monthly average dry-bulb temperature, dew-point temperature, solar radiation and wind speed are within the range of one standard deviation. If there is only one candidate left after Step 3, the only candidate is selected as the TMM. If there is more than one candidate left after Step 3, go to Step 4.
4. Compare the WS values of the remaining months, and select the month whose WS is the smallest as the TMM.
The value of WS is calculated as follows:
where FSi means the Finkelstein-Shafer (FS) statistic (Finkelstein and Shafer 1971) . The smaller the FSi, the closer the structure of a variable will be to the average year. The weights w i applied to the different climate parameters are the same as those used by NCDC in the development of the original TMYs (NCDC 1981). Table 1 is a list of years from which the TMMs have been selected for the 20 Asian locations. Very few TMMs have been taken from the years 1993 to 1997, due not to their climate characteristics, but because there were too much missing data that could not be reliably filled.
Interpolation for Missing Data
The weather data in the source data are at three-hour intervals. For use in thermal simulations or annual energy calculations, the data must be interpolated to one-hour intervals.
We used the same methods of interpolation of climate variables developed in the previous study (Zhang and Asano, 2001 ): dry-bulb temperature, dew-point temperature, wind speed, and total cloud cover. We did not attempt to interpolate atmospheric pressure because it is only measured at a few stations and its impact of building energy use is secondary.
Weather Data for Air-conditioning Design
The main purpose of TMY data is to simulate the thermal behavior of buildings for an average year, and it is not for the design of air-conditioning equipment. One of the main methods to decide the design temperature is based on the frequency level of a specific temperature over a time period. The frequencies of 2.5% and 5.0% were selected to decide the design temperatures for the 20 Asian cities. The ASHRAE (ASHRAE, 1997) has recommended the weather data for some Asian locations, but there are two problems: (1) only one dry-bulb and one wed-bulb temperatures were given for each city, while 24 hour weather data are necessary for some calculation methods and (2) the number of Asian cities whose weather data for air-conditioning design is too small therefore more studies are needed about other cities.
In this study, we computed the frequencies of dry-bulb temperature and humidity ratio for the 20 Asian locations over the period of 1982-1997 and cumulative frequency curves were drawn for each month and each location. For cooling design temperature, frequencies were calculated over the period of June through September; while for the heating design, frequency calculation was carried out over the period of December through March. Twenty-four hours data were given for the heating design for each location as shown in Table 3 . The coldest city among the 20 Asian cities is Ulaan-Baator, whose lowest temperature is below -30C. Usually the there is a gap of about one degree between 2.5% and 5% frequencies. Table 4 shows the weather data for the cooling design for the 20 locations. The warmest city among the 20 cities is Kuwait whose 2.5% frequency temperature rises to 48.5C. One of the climatic characteristics of Riyadh is hot and dry, which imply the large potential of evaporative cooling as a passive method in summer. The highest temperature with the 2.5% frequency in Ulaan Baator is 28.9C, which means that no cooling equipment is needed in Ulaan Baator in summer.
Conclusions
The main conclusions from this study are: 1. A set of Typical Meteorological Year (TMY) data have been developed for 20 Asian locations. 2. A model to estimate global solar radiation on a horizontal surface developed for the Chinese locations has been modified with regional factors, and found to be fairly reliable for locations with measured daily solar radiation.
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